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Abstract: 
 
Purpose:  To compare anterior corneal topography measurements from the 
Pentacam HR rotating Scheimpflug camera with those from a previously 
validated Placido-disk based videokeratoscope (the Medmont E300), in terms of 
both repeatability within multiple measures and agreement between mean values 
from the two instruments. 
Setting: Contact Lens and Visual Optics Laboratory, School of Optometry, 
Queensland University of Technology, Brisbane, Queensland, Australia 
Methods: 101 young adult subjects with normal corneas had corneal topography 
measured using the Pentacam (6 repeated measurements) and Medmont (4 
repeated measurements) instruments. The best fitting axial power corneal 
sphero-cylinder was calculated and converted into power vectors.  Higher-order 
corneal aberrations (up to and including the 8th Zernike order) were calculated 
from the corneal elevation data from each instrument.   
Results:  For the axial power sphero-cylinder, both instruments exhibited 
excellent repeatability (repeatability coefficients <0.25 D, and intra-class 
correlation coefficients >0.9) and good agreement for all power vectors.  
Agreement between the two instruments was closest when the average of 
multiple measures was used in analysis.  For corneal higher-order aberrations, 
both instruments exhibited reasonable repeatability for the majority of aberration 
terms and good correlation and agreement for many aberrations (e.g. spherical 
aberration, coma and the higher-order RMS).  For other aberrations (e.g. trefoil 
and tetrafoil), the two instruments exhibited relatively poor agreement.   
Conclusions:  In this population of subjects with normal corneas, the Pentacam 
system exhibited excellent repeatability and reasonable agreement with a 
previously validated videokeratoscope for the anterior corneal axial curvature 
best fitting sphero-cylinder, and for a number of higher-order corneal aberrations.  
However, for certain aberrations with higher azimuthal frequencies, the 
Pentacam exhibited poor agreement with the Medmont videokeratoscope and 
caution should therefore be taken interpreting these corneal aberrations from the 
Pentacam.   
Keywords:  Corneal topography, corneal aberrations, Scheimpflug imaging, 
videokeratoscopy. 
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Introduction: 
 
With the growing interest in modern refractive corrections, such as laser 
refractive surgery, orthokeratology and customised contact lenses, the 
measurement of corneal topography has become increasingly important in both 
clinical and research settings.  A number of different instruments have been 
developed for this purpose including devices based upon: the Placido-disk 
principle (e.g. Mandell1), optical slit-scanning (e.g. Cairns and McGhee2), raster-
stereogrammetry (e.g. Naufal et al3) and Scheimpflug imaging (e.g. Shankar et 
al4).   
 
Probably the most commonly used instruments for measuring corneal 
topography in clinical practice are computer-assisted videokeratoscopes, which 
are based upon the Placido-disk principle.  These instruments provide detailed 
topographical information from thousands of points across the anterior corneal 
surface.  Studies investigating the accuracy and repeatability of modern Placido 
disk-based videokeratoscopes have generally found these instruments to be 
highly accurate and repeatable for measuring spherical, aspheric and astigmatic 
inanimate test objects5-7 and highly repeatable for measures on human corneas.8   
 
A relatively recently introduced instrument for measuring corneal topography is 
the Pentacam HR System (Oculus Inc, Wetzlar Germany).  This instrument 
utilizes a rotating Scheimpflug camera that captures up to 50 corneal cross-
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sectional images in a scan.  These images are analysed by the instrument’s 
software to provide a range of information regarding the anterior segment such 
as anterior and posterior corneal topography data, corneal thickness and the 
dimensions of the anterior chamber.   
 
The repeatability of the Pentacam has been investigated extensively in terms of 
central and peripheral corneal thickness,4,9-14 anterior chamber measures4,15-18 
and the topography of the anterior and posterior cornea.4,19  There have also 
been a number of studies comparing measurements from the Pentacam with 
established clinical instruments for measuring corneal thickness9-11,13,20,21 and 
anterior chamber parameters.15,16,18,20,22,23  However, there have been only 
limited studies published comparing the agreement between the Pentacam and 
other clinical instruments for measurements of anterior corneal topography.23,24 
 
To investigate the capability of the Pentacam HR system for measuring anterior 
corneal topography, we have compared its measurements, taken from a large 
population of young adult subjects with normal corneas, with measurements from 
a Placido-disk based videokeratoscope (Medmont E300; Medmont Pty. Ltd., 
Victoria, Australia) that has previously been found to be highly accurate and 
repeatable.7,8  We compared the two instrument’s anterior corneal topography 
data in terms of repeatability from multiple measurements and agreement 
between mean values from analysis of axial curvature and corneal elevation 
data. 
 5
Subjects and procedures: 
 
One hundred and one young adult subjects were recruited for this study.  The 
subjects were primarily recruited from the students and staff of the Queensland 
University of Technology, School of Optometry.  All subjects had normal ocular 
health with no history of ocular surgery, trauma or corneal disease.  No full time 
soft contact lens (SCL) or rigid gas permeable (RGP) contact lens wearers were 
included in the study.  Seven part-time SCL wearers were included, but no 
subject had worn their contact lenses for at least 48 hours prior to testing.  The 
subjects’ ages ranged from 18 to 35 years, with a mean ± SD age of 23 ± 4 
years.  Of the 101 subjects, 57 were female.  Each subject underwent a 
preliminary examination to rule out any anterior eye or tear-film abnormalities and 
to determine their refractive status.  The subjects exhibited a range of refractive 
errors, with the group mean best sphere refraction being -1.25 ± 1.97 D (range 
+1.13 D to -7.25 D) and group mean astigmatic refractive error being -0.40 ± 0.49 
DC (range 0 D to -2.50 D).  All subjects exhibited best corrected VA of 0.02 
logMAR or better.  Approval from the University Human Research Ethics 
committee was obtained prior to commencement of the study and all subjects 
were treated in accordance with the tenets of the declaration of Helsinki. Written 
informed consent was obtained from all of the subjects.  
  
For each subject, all measurements were performed at a single measurement 
session, and on the right eye only.  Corneal topography measurements were 
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taken firstly using the Medmont E300 videokeratoscope and then with the 
Pentacam HR system.  To ensure that corneal topographical changes due to 
prior visual tasks (e.g. reading in downward gaze) did not confound results, all 
subjects were instructed to refrain from substantial reading prior to their 
measurement session.25,26  
 
All measurements with the Medmont E300 videokeratoscope were taken 
according to manufacturer instructions.  This videokeratoscope incorporates a 
range-finder that precisely determines the distance from the corneal apex to the 
instrument’s camera and automatically captures images only when good focus 
and alignment are attained.  A score out of 100 is provided for each captured 
image based on centring, focus and movement.  For this study, only images with 
a score of 95 or greater were saved.   
 
The Pentacam HR system utilizes a rotating Scheimpflug camera to measure the 
anterior eye.  For this study, the Pentacam’s “50 picture 3D scan” measurement 
mode was used. Subjects were instructed to fixate upon the central fixation target 
(the focus of which was adjusted to account for each subject’s spherical 
refractive error), and to blink and open eyes wide just prior to image capture.  
The instrument’s digital camera and slit illumination system then rotate around 
the corneal apex to capture 50 cross-sectional Scheimpflug images of the 
anterior eye, each separated by 3.6 degrees.  The Pentacam automatically 
captures images once correct alignment in the x, y and z directions is attained, 
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and flags any measurements that are unreliable (due to poor alignment, 
excessive eye movements, or any missing or invalid data).  Any unreliable 
measurements were repeated.   
 
A brief repeatability experiment was initially carried out for 3 young adult subjects 
using the Medmont E300.  In this experiment 20 consecutive corneal topography 
measurements were taken on each subject.  The mean and standard deviation of 
the corneal height was subsequently calculated for each data point over a 6 mm 
diameter.  The average standard deviation in corneal height for these 20 maps 
across a 6 mm diameter was 0.54 µm.  We also found that the mean of only 4 
measurements yielded a very similar standard deviation (0.53 µm) to the analysis 
of the 20 consecutive maps (i.e. capturing more than 4 consecutive 
measurements with the Medmont E300 did not lead to any substantial 
improvement in the standard deviation).  A similar experiment was also carried 
out on 3 subjects using the Pentacam HR, the results of which have been 
reported in detail elsewhere.27  It was found that taking more than 6 
measurements with the Pentacam HR did not yield substantial difference in the 
standard deviation of the anterior corneal height data compared to 20 
consecutive measures.  For this reason, for each subject in our current study, a 
total of 4 repeated measurements were carried out with the Medmont E300, and 
6 repeated measurements were carried out with the Pentacam HR.   
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Following data collection, the raw anterior corneal axial curvature and corneal 
height/elevation data from all measurements (i.e. the 4 Medmont E300 maps and 
the 6 Pentacam HR maps) on all subjects were exported from each instrument 
for further analysis.  Additionally, the pupil diameter and geometric offset 
between pupil centre and topography map centre were recorded for each 
measurement from each instrument.   
 
Data analysis: 
 
All axial curvature data and corneal height/elevation data from each instrument 
were analysed over a 6 mm diameter using customised software to define a 
range of parameters describing the topography of the anterior corneal surface.  
Six of the 101 subjects did not have complete data out to a 6 mm diameter in 
their maps from the Medmont E300 instrument (largely due to interference in the 
superior map due to shadows and reflections from the upper eyelid and lashes), 
and so their data was not used in the axial curvature and corneal height analysis, 
leaving a total of 95 subjects in this analysis. 
 
For all maps from all subjects from each instrument, the axial curvature data was 
converted into axial power and then analysed to calculate the best fitting corneal 
sphero-cylinder over a 6 mm diameter using the method of Maloney et al.28  The 
best fitting axial power sphero-cylinder was then converted into the power 
vectors “M” (best sphere), “J0” (astigmatism 90/180°) and “J45” (astigmatism 
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45/135°) to allow further statistical analysis on t he data.29  The average power 
vectors from the repeated measurements for each subject from each instrument 
was then calculated. 
 
The corneal height/elevation data from each instrument was analysed to 
determine the wave aberrations of the anterior corneal surface for a 6 mm 
analysis diameter.  A three-dimensional ray-tracing procedure was used to 
calculate the corneal wavefront error for each of the corneal height maps from 
the two instruments for each subject.  The procedure of converting corneal height 
data into wavefront error has been shown to be accurate and precise and limited 
primarily by the accuracy of the instrument used for measuring the cornea.30  The 
wavefront error was fit with Zernike polynomials (up to and including the 8th radial 
order) and expressed using the Optical Society of America double index 
notation.31  For this analysis, the image plane was at the circle of least confusion 
and the wavelength used was 555 nm.  The wavefront was centered on the line 
of sight for all maps, assumed here to be the centre of the estimated pupil. Each 
subject’s average corneal aberrations from each instrument were then calculated 
based upon the corneal wavefront aberrations form each of the individual maps.  
As the best fitting corneal sphero-cylinder calculated from the axial curvature 
data provides a measure of ‘low-order’ corneal shape, only the higher order 
Zernike wavefront terms were considered in this analysis.   
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The repeatability of the two instruments was determined using the methods 
described by Bland and Altmann.32  This involved the calculation of the within-
subject standard deviation ( ws ) for the repeated measure on each individual 
subject for each of the measured corneal parameters from each instrument 
(using a one way analysis of variance with subject as the factor).  The 
repeatability coefficient (defined as ws.296.1 × ), was then calculated for each 
corneal parameter for each instrument.  Additionally, for the same data, the intra-
class correlation coefficient (ICC) was also calculated for each parameter from 
each instrument.  The ICC is an index of measurement reliability that will range 
from 0 to 1, where the closer the ICC is to 1, the better the measurement 
reliability (i.e. the smaller the variability is between the repeated measures within 
a subject).33     
 
Agreement between the two instruments was investigated by analysing the mean 
values for each of the corneal parameters calculated for each subject from each 
instrument.  Pearson’s correlation coefficient between the two instruments for 
each corneal parameter was initially calculated to provide an assessment of the 
association between measures from the two instruments.   The methods of Bland 
and Altmann32 were then used to calculate the mean difference ( d ) between the 
two instruments and the standard deviation of the differences ( ds ).  These values 
were used to determine the 95% limits of agreement (LOA) between the two 
measurement methods for each of the measured corneal parameters. 
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Results: 
The repeatability coefficients and intra-class correlation coefficients for the best 
fitting axial power sphero-cylinder from the two instruments are presented in 
Table 1.  The intra-class correlation coefficient for all power vectors was greater 
than 0.9 for each instrument, indicative of excellent measurement reliability.  For 
the corneal best sphere “M”, the repeatability coefficient was 0.24 D and 0.19 D 
for the Pentacam HR and Medmont E300 respectively.  The repeatability 
coefficient for power vector “J0” (astigmatism 90/180°) was 0.14 D and 0.12 D 
and for power vector “J45” (astigmatism 45/135°) 0. 14 D and 0.12 D for the 
Pentacam HR and the Medmont E300 respectively. It is evident from this 
analysis, that for corneal sphero-cylinder measures, both instruments perform 
well in terms of repeatability, with the Medmont exhibiting slightly higher 
precision.   
 
In Table 2, the correlation coefficients, mean values, mean differences, and 95% 
limits of agreement for the Pentacam HR and Medmont E300 for the axial power 
sphero-cylinder parameters are presented.  All of the power vectors were 
strongly correlated between instruments (r >0.9 for all power vectors).  The mean 
values for the corneal power vectors from the two instruments are evidently very 
close (mean difference between the instruments <0.125 D for all power vectors), 
with the Pentacam HR providing a slightly steeper best sphere (M), slightly lower 
magnitude J0 and slightly more positive J45 compared with the Medmont E300.  
Bland-Altmann plots of the power vectors M, J0 and J45 are presented in Figure 
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1.  It is clear from Table 2 and Figure 1, that for the best fit corneal axial power 
sphero-cylinder, the measurements from the two instruments are highly 
correlated and the limits of agreement between them are relatively narrow.   
 
It is well established from population studies of corneal aberrations that  the 3rd 
and 4th order Zernike wavefront aberrations typically make the largest 
contribution to the higher-order corneal aberrations in normal populations.34-36  
Our findings were similar for our population of subjects, with the 5th-8th order 
Zernike wavefront aberrations found to be generally of low magnitude.  For this 
reason, our results for the repeatability and agreement between the two 
instruments for the higher-order corneal aberrations will concentrate upon the 3rd 
and 4th order Zernike terms and the corneal wavefront higher-order RMS (HO 
RMS) (calculated from the 3rd through to the 8th order Zernike terms).   
 
The repeatability coefficient and intra-class correlation coefficient for the higher-
order corneal aberrations for a 6 mm analysis diameter for the Pentacam HR and 
Medmont E300 instruments are presented in Table 3.  For all but one of the 
aberration terms (vertical coma 13−Z ), the repeatability coefficient from the 
Medmont E300 videokeratoscope was < 0.1 µm.  For the Pentacam HR 
instrument, the repeatability coefficient was generally of slightly larger magnitude 
(although still ≤ 0.13 µm for all aberrations) indicative of slightly lower 
repeatability for most of the measured higher-order corneal aberrations.  The 
results from the intra-class correlation coefficient analysis exhibited a similar 
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pattern, with the corneal aberrations from the Medmont E300 videokeratoscope 
typically exhibiting higher reliability.  Portney and Watkins33 suggest that an intra-
class correlation coefficient of >0.75 represents good measurement reliability.  
For the Medmont E300, 8 of the 10 higher-order aberration terms exhibited an 
intra-class correlation coefficient of ≥ 0.75 (with 6 having an intra-class 
correlation coefficient ≥ 0.9), whereas only 6 out of 10 higher-order aberration 
terms from the Pentacam HR had an intra-class correlation coefficient ≥0.75 
(with only 2 having an intra-class correlation coefficient ≥ 0.9).   
 
The mean 3rd and 4th order aberrations and higher-order RMS from the two 
instruments are presented in Figure 2 and Table 4.  Table 4 also presents the 
correlation, mean difference and 95% limits of agreement between the two 
instruments for these corneal aberrations.  The absolute value of each aberration 
term was also calculated and the mean absolute magnitude of each term is also 
presented in Table 4.  It is evident from Figure 2 and Table 4 that certain 
aberration terms (e.g. spherical aberration, horizontal and vertical coma and the 
HO RMS) exhibit a strong correlation and reasonable agreement between the 
two instruments (i.e. correlation coefficients > 0.7 and mean differences and 
limits of agreement relatively small in comparison to the absolute mean 
magnitude of aberration).  However, other aberration terms were found to exhibit 
relatively poor correlation and agreement.  Of particular note are trefoil ( 33−Z ) and 
tetrafoil ( 44Z ) which show substantial differences between the mean values 
(mean difference of 0.098 ± 0.160 for trefoil and 0.131± 0.065 for tetrafoil), wide 
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limits of agreement and only moderate correlation between the two instruments (r 
of -0.46 for trefoil and 0.42 for tetrafoil).   
 
Figure 3 presents Bland-Altmann plots for 2 different corneal aberrations, one 
that exhibited a good agreement ( 04Z  spherical aberration) and one that exhibited 
poor agreement ( 44Z  tetrafoil) between the two instruments.  Spherical aberration 
( 04Z ) exhibits a strong correlation between the two instruments (r = 0.73), with 
most measures lying close to the line of equality.  The Bland-Altmann plots for 
this aberration show relatively narrow limits of agreement and no substantial bias 
between the results of either instrument (mean difference 0.008 ± 0.048).  In 
contrast to this, tetrafoil ( 44Z ) exhibited only a moderate correlation (r=0.42) 
between the two instruments and very few values lying close to the line of 
equality.  The Bland-Altmann plots for tetrafoil show a substantial bias, with the 
Pentacam HR exhibiting higher magnitude values and differences increasing for 
larger mean values.    
 
The mean ± SD pupil diameter from the 101 subjects was 3.13 ± 0.56 mm for the 
Pentacam HR and 4.49 ± 0.90 mm for the Medmont E300, with the mean 
difference being -1.36 ± 0.67.  The mean horizontal and vertical offset between 
pupil centre and topography map centre was -0.170 ± 0.15 mm and 0.038 ± 0.12 
mm for the Pentacam HR and -0.167 ± 0.13 mm and 0.067 ± 0.11 mm for the 
Medmont E300.  The mean difference for the horizontal pupil offsets was 0.003 ± 
0.06 mm and for the vertical offset was -0.029 ± 0.06 mm.   
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To examine the effect of using the average of multiple measurements on the 
agreement between the two instruments, we re-calculated the 95% LOA between 
the two instruments for two of the corneal topography parameters (the corneal 
best sphere “M” and the corneal wavefront aberration HO RMS) based upon the 
mean of the first three measurements only, and then for the mean of the first two 
measurements only and finally based upon only the first measurement from each 
subject for each instrument.  The “width” of the 95% limits of agreement (i.e the 
difference between the upper and lower limits) is plotted in Figure 4 against the 
number of measurements used to determine the 95% limits of agreement for 
corneal axial power best sphere “M”.  It is apparent that when less than 3 
measures are used from each instrument, the limits of agreement substantially 
increase.  Similar results were found for analysis of the HO RMS. 
 
Discussion: 
 
We have presented a comprehensive comparison between the Pentacam HR 
rotating Scheimpflug instrument with the Medmont E300 videokeratoscope for 
measurements of the topography of the anterior cornea in terms of both 
repeatability and agreement.   As the Medmont E300 instrument has previously 
been validated,7,8 we therefore assume in our analysis that the Medmont E300 is 
providing measures of anterior corneal topography close to the “true” value, and 
that poor agreement between the two instruments is likely due to limitations in 
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the Pentacam’s accuracy or repeatability. This analysis was performed for 
measurements carried out on a large population of young adult subjects with 
normal healthy eyes, thus allowing the capabilities of the two instruments to be 
tested for a large array of different “normal” corneal shapes.  It should be noted 
however that our study excluded any subjects with corneal abnormalities or 
history of corneal surgery and therefore further research is required to 
comprehensively assess the performance of the Pentacam HR instrument for 
corneal topographical measurements on irregular or post-surgical corneas.  
 
Analysis of pupil diameter with the two instruments revealed the pupil size with 
the Pentacam HR to be approximately 1.4 mm smaller than with the Medmont 
E300.  This smaller pupil diameter with the Pentacam HR is due to its bright slit 
illumination system leading to pupil constriction during the 2 second 
measurement process.  However, there were only small differences noted 
between the pupil offset estimates (i.e. the distance from pupil centre to 
topography map centre) between the two instruments.  This suggests the two 
instruments are aligning to very similar corneal locations.  Any of the small 
differences in the pupil offsets (mean difference <0.03 mm) between the two 
instruments could potentially relate to changes occurring in the location of pupil 
centre with changes in pupil size.37-39    
 
For the axial power sphero-cylinder, both instruments performed well in terms of 
measurement repeatability, although typically the Medmont E300 instrument 
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exhibited slightly higher precision.  Both instruments had repeatability coefficients 
for all corneal power vectors of less than 0.25 D, which clinically represents an 
acceptable repeatability for these measurements.  The mean corneal sphero-
cylinder power vectors from the two instruments also showed reasonable 
agreement.  The magnitudes of the mean differences between the two 
instruments in terms of corneal sphero-cylinder were all small and unlikely to be 
clinically significant in most cases.  The most substantial difference seen was in 
terms of best sphere (mean difference 0.14 D), with the Pentacam HR found to 
exhibit slightly steeper measures.  Therefore when assessing lower order 
information (i.e. sphero-cylinder) of the shape of the anterior cornea, the 
Pentacam HR appears to be providing measurements of good repeatability that 
are in close agreement with a previously validated corneal topographer.    
 
For the majority of higher order corneal aberrations, the repeatability of the 
Medmont E300 instrument was good, as evidenced by the relatively low 
repeatability coefficient (i.e. majority <0.1µm) and intra-class correlation 
coefficient values approaching 1.  The repeatability of most aberrations with the 
Medmont E300 videokeratoscope are comparable in magnitude to previous 
studies investigating the repeatability of corneal higher-order aberration 
measures with other Placido-disk based videokeratoscopes.40,41  The 
repeatability of the Pentacam HR instrument was slightly lower for the majority of 
corneal higher-order aberrations, with the repeatability coefficient being larger on 
average by about 0.04 µm.  For certain aberration terms however, (e.g. 33−Z  
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trefoil and 44−Z  tetrafoil), the repeatability with the Pentacam HR was substantially 
worse than the Medmont E300.   
 
Agreement between the two instruments for anterior corneal higher-order 
aberrations was reasonable for certain aberration terms.  Spherical aberration 
( 04Z ) and horizontal and vertical coma ( 13Z  and 13−Z  ), all exhibited strong 
correlations and relatively small mean differences (in comparison to the absolute 
mean coefficient values) between the two instruments.  The reasonable 
agreement observed, coupled with the relatively high intra-class correlation 
coefficient values (>0.75) suggests that the Pentacam HR instrument is 
performing reasonably well for measuring these particular higher-order 
aberrations.  These three aberrations (i.e. horizontal and vertical coma and 
spherical aberration), are also the corneal higher order aberrations that typically 
exhibit the highest magnitude in normal populations.34-36      
 
Whilst the Pentacam HR appears to have performed reasonably compared with 
the Medmont E300 for the measurement of certain corneal higher order 
aberrations, poor agreement was found for a number of aberrations (e.g. trefoil, 
3
3
−Z and tetrafoil 44Z ).  Trefoil ( 33−Z ) exhibited a negative correlation and wide 
limits of agreement, and tetrafoil ( 44Z ) appeared to be substantially higher in 
magnitude with the Pentacam HR (0.115 ± 0.072 µm) compared to the Medmont 
E300 (-0.016 ± 0.037 µm).  The mean level of corneal tetrafoil ( 44Z ) for a 6 mm 
analysis diameter reported in a previous population study of corneal aberrations 
 19
was -0.015± 0.078 µm,35 very similar to the mean magnitude of tetrafoil found 
with the Medmont E300 in our current study.  The magnitude of tetrafoil 
estimated by the Pentacam HR is more than 700% greater than that estimated 
from previous population studies35, and by the Medmont E300 in our current 
study.  This suggests the Pentacam HR is substantially overestimating this 
aberration.  The relatively poor repeatability and agreement with the Medmont 
E300 for these aberrations, suggest the Pentacam HR is performing poorly for 
measuring these particular aberrations.  He and colleagues24 also reported a 
poor correlation between corneal trefoil aberrations derived from the Pentacam 
HR and from a Placido disk based corneal topographer. 
 
It is interesting to note that the higher-order aberrations that exhibited poor 
agreement between the two instruments represent more complex corneal shapes 
with higher azimuthal frequencies (i.e. azimuthal frequencies greater than 2), and 
those exhibiting better agreement are less complex shapes with lower azimuthal 
frequencies.  The performance of the Pentacam HR for measuring these 
particular corneal aberrations may be related to the fitting procedures used by 
the instrument’s software to reconstruct the corneal surface based upon the 50 
radial cross-sectional images of the corneal surface.  These fitting routines must 
involve some interpolation to provide corneal data between the 50 corneal cross-
sections (the elevation and curvature maps from the Pentacam HR are output 
from the instrument with 0.1 mm point spacing).  Fitting errors in these routines 
might be expected to lead to problems in accurately estimating corneal 
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shapes/aberrations that exhibit higher amounts of azimuthal variation (e.g. trefoil 
and tetrafoil).   The data from the Medmont E300 videokeratoscope samples at a 
higher resolution azimuthally than does the Pentacam HR (i.e. the Medmont 
E300 samples from 300 semi-meridians of data) and is therefore less likely to be 
influenced by fit or interpolation errors for these higher azimuthal frequencies.   
 
The higher-order RMS provides an estimate of the overall magnitude of higher 
order corneal aberrations present.  The HO RMS from the Pentacam HR 
exhibited a reasonable correlation and agreement with that from the Medmont 
E300.  However the repeatability of the HO RMS from the Pentacam HR was 
slightly lower and the magnitude of HO RMS slightly larger than that from the 
Medmont E300 (mean difference 0.042 ± 0.075).  The main reason for the 
slightly larger HO RMS is probably the overestimation of the tetrafoil aberration 
( 44Z ) by the Pentacam HR instrument.  Shankar et al42 recently investigated the 
repeatability of the Pentacam HR instrument in terms of anterior corneal 
aberrations.  In their analysis of corneal aberrations, the Pentacam’s corneal 
elevation data was fit with up to 10th order Zernike polynomials and presented in 
terms of “modal pairs” of aberrations as opposed to the individual Zernike terms.  
The repeatability coefficient (0.326 µm), and mean values (0.875 µm) for the HO 
RMS over a 6 mm pupil reported by Shankar et al2l are substantially higher than 
what we have found in our population of subjects (repeatability coefficient 0.11 
µm and mean HO RMS 0.409 µm).  The lower mean HO RMS, and better 
repeatability found in our current study may reflect the improvements in 
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measurement reliability that occur as a result of taking repeated measurements 
to determine the mean corneal aberrations.  
 
In our current study, we have taken multiple measurements with each instrument 
and investigated the agreement between the two instruments based upon the 
mean of these repeated measures.  As would be expected, by utilising the 
average from multiple measurements, the limits of agreement between the two 
instruments were found to be narrower as compared to using only one 
measurement, as this helps to remove some of the “within-subject” instrument 
variability when estimating each subjects’ mean corneal topography parameters.  
It is clear from Figure 4 that using the average of less than three measurements 
leads to a substantial increase in the width of the 95% limits of agreement 
between the two instruments.  Therefore to provide the most reliable measure of 
anterior corneal topography, we recommend that multiple measures be carried 
out and the average of these measures be used. 
    
In conclusion, we have provided a comprehensive comparison between the 
Pentacam HR system and the previously validated Medmont E300 
videokeratoscope in terms of repeatability and agreement for parameters 
describing the topography of the anterior cornea in a population of normal, 
healthy corneas.  In terms of repeatability, for many of the measures of the 
anterior cornea, the Pentacam exhibited reasonable repeatability that was 
comparable with the Medmont E300.  For measures of the best fitting corneal 
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sphero-cylinder and certain corneal higher order aberrations, the Pentacam 
provided measurements that were in close agreement to that of the Medmont.  
Furthermore we have also shown that taking repeated measurements leads to a 
closer agreement between the two instruments.  However, certain higher order 
corneal aberrations derived from the corneal elevation data from the Pentacam 
(particularly those with higher azimuthal frequencies such as tetrafoil 44Z ) 
exhibited poor reliability and agreement with the Medmont results.  Therefore, for 
certain applications caution should be taken in interpreting the Pentacam’s 
measurements of higher order corneal aberrations.  However, for many 
applications (e.g. measures of average corneal curvature, or assessment of 
certain corneal aberrations such as spherical aberration), the Pentacam 
instrument should provide repeatable and reliable data describing the topography 
of the anterior cornea, particularly if the average of multiple measures are used.     
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Figure Legends: 
 
Figure 1: Correlation between Pentacam HR and Medmont E300 measures 
(solid line represents the line of equality between the two instruments) (left) and 
“Bland-Altmann” plots of the difference versus the mean of the two instruments 
for power vectors “M” (Best sphere), “J0” (astigmatism 90/180°) and “J45” 
(astigmatism 45/135°).  Values calculated from axia l power data for a 6 mm 
analysis diameter. 
 
Figure 2:  Plot of mean corneal higher order aberrations for the Pentacam HR 
and Medmont E300 instruments.  Third and fourth order aberrations and higher- 
order RMS (derived from the 3rd to the 8th order aberrations) are displayed.  
Calculated for a 6 mm pupil centred on the line of sight.  Error bars represent the 
standard error of the mean. 
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Figure 3: Correlation between Pentacam HR and Medmont E300 measures (left) 
and “Bland-Altmann” plots of the difference versus the mean of the two 
instruments for two higher-order corneal aberrations: Spherical aberration 04Z  
(top) and tetrafoil 44Z (bottom).  Values calculated from corneal elevation data for 
a 6 mm analysis diameter along the line of sight. 
 
 
Figure 4:  Comparison of the width of the 95% limits of agreement for corneal 
best sphere “M” between the Pentacam HR and Medmont E300 for corneal best 
sphere calculated for different numbers of repeated measures.  Width of limits of 
agreement was calculated based upon the mean of all measures (4 Medmont 
measures and 6 Pentacam measures), the mean of 3 measures only, the mean 
of 2 measures only and from a single measure only. 
 
 
 
 
 
 
